To analyse the relationships between body mass index, waist circumference, waist-to-hip ratio, physical activity and the risk of type 2 diabetes in a French elderly population. DESIGN AND SUBJECTS: We conducted a cross-sectional study on 1113 men and 1419 women aged 60 y or more, participating in the POLA Study. RESULTS: The prevalence of diabetes was two-fold higher in men than in women (19.1% and 9.3%, respectively). The anthropometric variables studied Ð body mass index (BMI), waist circumference (WC) and the waistahip ratio (WHR) Ð were all positively related to the prevalence of type 2 diabetes. The strongest relationships were found for BMI in men and WHR in women. In both genders, sport activity and diabetes were inversely linked whereas no relationship was shown between the amount of household activity and diabetes mellitus. CONCLUSION: In the elderly, overall obesity in men and abdominal fat accumulation in women appeared strongly related to diabetes. Sport activity was negatively and independently associated with the prevalence of diabetes mellitus.
Introduction
In Western societies, lifestyle is commonly regarded as an important contributor to the increased risk of chronic diseases in people in their ®fties and over. In this age group, an excess of fatness has been shown to generate serious health problems, such as type 2 diabetes mellitus, 1 ± 3 hypertension 4 ± 6 and coronary heart disease. 7 ± 9 It is well known that total and central body fat increase with age in both genders. 10, 11 In parallel, a decrease in physical activity has often been described in the elderly population ( b 60 y). 12, 13 More and more evidence is emerging that physical inactivity is an important factor of obesity at all stages in the life. 14, 15 Conversely, and even at fairly moderate levels, physical activity reduces the risk of some of the most serious diseases. 16 ± 18 The aim of our study was to examine the associations between usual physical activity, obesity and type 2 diabetes in a French cohort of men and women aged 60 y and over.
Subjects and methods

Study population
The design of the study has been published in detail elsewhere. 19 The POLA (Pathologies Oculaires Lie Âes a Á l'A Ã ge) study is a prospective study taking place in Se Áte, a town of 40 000 inhabitants, located on the French Mediterranean.
The main objective of this survey was to study age-related eye diseases (cataract and macular degeneration) and their risk factors. Inclusion criteria were: (i) being a resident of Se Áte; and (ii) being aged 60 y or over on the day of the baseline examination. According to the 1990 population census, there were almost 12 000 residents eligible for participation from which the objective was to recruit 3000 participants. The population was informed through the local media (television, radio and newspapers). We also contacted 4543 residents individually by mail and by telephone, using the electoral roll. Between June 1995 and July 1997, we recruited 2584 subjects (1133 men and 1451 women), of an average age of 70.4 y. The examination took place in a mobile unit, which moved around the town to be in the proximity of the contacted participants.
The design of this study has been approved by the Ethical Committee of Montpellier's University Hospital and the participants gave written consent for their participation in the study.
Interview data
Data were collected by trained personnel. A standardised interview was performed to record demographic data (sex, age, marital status, educational level etc), medical history (treated hypertension, cardiovascular diseases, knee or hip osteoarthritis, diabetes etc) together with all current treatments according to medical prescriptions, and lifestyle variables (smoking, physical exercise etc).
Anthropometric evaluation
Body weight was measured using a medical scale to the nearest 0.5 kg; subjects were in light clothing and without shoes. Height was measured with a wall-mounted stadiometer to the nearest centimeter. Body mass index (BMI) was de®ned as weightaheight 2 in kgam 2 . Waist circumference (WC) was measured using a cloth tape just above the level of the lateral iliac crest, below the lower costal arch. Hip circumference was measured at the level of the great trochanters. Waist ± hip ratio (WHR) was de®ned as waist circumference (cm)ahip circumference (cm). Quartile cut-off points for BMI, WHR and WC were calculated for each gender.
Physical activity
Three variables related to the intensity and the duration of physical activities were included in the questionnaire: (i) the usual intensity of household activities (lightamoderatea heavy); (ii) the number of hours per week of moderate sports (such as walking or cycling); and (iii) the number of hours per week of vigorous sports (jogging, tennis or swimming). The questionnaire did not include closed questions, and participants were asked about all types of sport. We designed a quantitative variable for sport activities by adding the number of hours per week of moderate sports with the number of hours (Â2) per week spent in vigorous sports. This quantitative variable for sport activity was divided into three classes: (i) participants who exercised less than 30 min per day; (ii) participants who exercised between 30 min and 2 h per day; and (iii) those who exercised at least 2 h per day.
De®nition of diabetes
The presence of diabetes was assessed in all subjects by two ways: (i) an interview on medical history; and (ii) blood sampling for measuring fasting blood glucose systematically performed at home in the morning between 7 and 8 am. Known diabetic subjects were identi®ed through selfreported medical history of diabetes, con®rmed by current use of antidiabetic therapy (oral antidiabetic agents, andaor insulin), or fasting blood glucose !7 mmolal if not treated. Among the other subjects, new diabetic cases were de®ned according to the ADA's recommendations, 20 using the cut-off point of 7.0 mmolal (1.26 gal) for fasting plasma glucose. It could not be measured in 41 subjects (35 cases because of refusal of blood sampling and six cases because of technical failure). Therefore, diabetes status was available for 2543 subjects out of 2584 (98.4%).
Statistical analysis
Eleven subjects were excluded because of missing data, so, the present analysis includes a total of 2532 subjects classi®ed according to their diabetic status. Univariate comparisons of qualitative variables were made using the chi-square test and quantitative variables were compared between subgroups using analysis of variance. A ®nal multivariate logistic regression was performed, the presenceaabsence of diabetes being the dependent variable. Age, cardiovascular events, educational level, BMI, WHR, WC and duration of sport activities were the independent variables. The odds-ratios for known diabetes subjects and newly detected diabetic subjects were then estimated by polytomous logistic regression, with diabetes (0 no, 1 newly detected, 2 known) as the dependent variable and the above independent variables. This allowed us to test for differences in the odds-ratio between known and newly detected cases of diabetes.
We used the t-test:
Statistical analyses were performed using CSS Statistica and SPSS (polytomous logistic regression). Table 1 compares the demographic variables between our cohort and the 1990 population census of Se Áte. The percentage of males in our sample was similar to that of the general Physical activity, obesity and diabetes R Defay et al population of Se Áte: 44% and 42%, respectively. Our sample under-represents older persons: there were 10.9% over 80-yold vs 19.8% in the eligible population. Male participants of the study belonged more often to the middle and upper social classes than those of the general population, and unemployed women were under-represented in our sample (26.5% vs 42.1%).
Results
The age of the subjects ranged from 60 to 94 y, 70.3 y on average. Tables 2 (for men) and 3 (for women) display the main characteristics of the subjects by age groups: 60 ± 69, 70 ± 79 and !80 y. The distribution of the subjects among these three groups was similar in both genders (about 50%, 40%, and 11%, respectively, by increasing age group). In both genders, the prevalence of diabetes did not signi®cantly increase with age. The overall prevalence of diabetes was 2-fold higher in men (19.1%) than in women (9.3%). The prevalence rate of known diabetes was 12.4% in men and 5.9% in women. Most known diabetic subjects (44.8%) were treated with sulfonylureas alone, 30.0% with a combination of sulfonylureas and biguanides, 9.4% with biguanides alone. Insulin treatment was prescribed in 7.2% of the patients. A small proportion (8.5%) had no antidiabetic therapy.
In total there were 6.7% newly diagnosed men and 3.4% newly diagnosed women (P`0.001), which resulted in a percentage of newly detected cases among diabetic subjects similar in both sexes (35.2% in men and 36.4% in women).
In both genders, BMI was not signi®cantly related to age whereas WC increased as age increased. In men, WHR was similar in all age-groups, whereas in women, WHR increased signi®cantly from 0.84 between 60 and 69 y to 0.87 over 80 y (P`0.0001).
Regarding the relationships between physical activity and age, the oldest subjects had the lightest household activities and the shortest duration of sport activities. The majority of men and women over 80 reported light household activities (67.8% and 61.3%, respectively). Whatever the age group, men spent more time in sport activities than women: the mean value was 1.34 haday for men vs 0.97 haday for women (P`0.0001); 6.6% of men vs 4.7% of women reported a vigorous sport activity. Among sport activities, walking was the most represented activity. Table 4 presents the prevalence of diabetes according to the quartiles of BMI, WHR and WC. In both genders, the prevalence of diabetes increased with the quartiles of BMI, WHR or WC. Results for BMI were similar in both sexes: we Physical activity, obesity and diabetes R Defay et al observed a 3-fold excess of the prevalence of diabetes in the upper quartile of BMI compared to the lower quartile (P`0.0001). The strongest relationship between WHR and diabetes was observed in women, with a 4.5-fold increase of the prevalence of diabetes in the highest WHR quartile (vs a 2.3-fold increase in men). According to the quartiles of WC, in both genders, there was approximately a 3-fold excess of the diabetes rate. In Table 5 , results are presented according to the three levels (light, moderate or heavy) of usual household activities and to the three classes in duration of sport activity (`30 min, between 30 min and 2 h, !2 h). Increasing amount of usual household activities was positively associated (P 0.02) with diabetes prevalence in men, whereas no signi®cant difference (P 0.08) was observed in women. Regarding the time spent in sport activity, there was no difference in the prevalence of diabetes between those who spent 30 min ± 2 haday and those who spent more than 2 haday; this was true for both genders. However, the prevalence of diabetes was signi®cantly lower in men and women (P`0.01 and P`0.001, respectively) doing at least 30 min per day of sport in comparison with their counterparts who did less than 30 min per day.
Therefore, a further analysis was made using two categories of subjects: those who took at least 30 min per day for sport activity and those who took less than 30 min per day. Table 6 reports the multivariate analysis with presence of diabetes as the dependent variable, after adjustment for age, educational level and cardiovascular events. In men, BMI was the only anthropometric variable associated to diabetes with an odds-ratio (OR) of 1.47 per quartile increase Physical activity, obesity and diabetes R Defay et al (P`0.001); after adjustment, WHR was no longer signi®-cantly associated with diabetes. In contrast, in women, WHR was the only anthropometric variable associated with diabetes (OR 1.49 per quartile increase, P`0.001), whereas BMI was not. Men and women who spent more than 30 min per day in sport activity had a signi®cant lower risk of diabetes (OR 0.61, P 0.007 and OR 0.62, P 0.01, respectively). The same ORs were then estimated separately for known and newly detected diabetic subjects, using polytomous logistic regression. No statistically signi®cant differences were found in the ORs for known and newly diabetic subjects.
Discussion
Our study has some limitations linked to representativeness. We mentioned that older persons were under-represented in our sample; this may be due to the fact that the clinical examination was performed in a mobile unit located in their district. However, in the oldest age-group, many persons have problems with their mobility and, therefore, may have been unable to participate. We also observed that the middle and upper social classes were over-represented; this often occurs in epidemiological surveys, and may induce biases linked to self-selection. Nevertheless, in our study, diabetes mellitus was not linked to social class (data not shown), nor to age (cf. Tables 2 and 3) . Moreover, several features issued from our data are consistent with previous reports on the French population. Firstly, we found an overall prevalence of diabetes of 8.8% for previously known diabetes, an estimate close to that issued from the PAQUID Epidemiological Survey performed in the south-west of France, which reported a crude prevalence rate of 8.5% in subjects over 65. 21 We also observed a 2-fold higher prevalence of diabetes in men, as compared to 1.7 in the age-group 55 ± 64 y within the French sample of the MONICA study. 22 The same trend was observed in the PAQUID survey 21 as well as in other previous French studies. 23, 24 Finally, although selection bias may have affected the prevalence of diabetes or the distribution of anthropometric and sport-related variables, it is unlikely to have affected the associations between diabetes and these variables.
As in previous longitudinal and cross-sectional studies, 2, 25, 26 our ®ndings show a strong positive association between overall obesity (BMI) and the increased risk for diabetes in both genders. In our study, BMI in men and WHR in women are the anthropometric markers the most strongly related to diabetes.
In women, abdominal adiposity measured by WHR has been shown to have a higher predictive value than measurements of BMI for various kinds of health problems such as type 2 diabetes and cardiovascular diseases. 1, 27, 28 Accordingly, we show that, rather than overall obesity, the body fat distribution, especially its central localisation, is a major risk factor for diabetes.
In men, in agreement with previous studies, we also observed a positive relationship between central obesity and diabetes. 29 ± 31 Abdominal adiposity is dependent on the degree of overweight, as well as sex and age. 32 Because of an important loss of skeletal muscle mass with ageing, body fat distribution changes and WHR tend to diminish in the elderly compared to the middle-aged subjects. 33 ± 35 This may explain why overall obesity appears more strongly related to diabetes than WHR in our study.
Concerning physical activity, most epidemiological studies to date have focused on its inverse association with type 2 diabetes in middle-aged populations. 36 ± 38 Exercise training has been proposed for the prevention and treatment of type 2 diabetes; the effect of physical activity on type 2 diabetes incidence is probably explained partly by weight reduction and maintenance, and partly by its positive in¯uence on glucose utilization and insulin sensitivity. 13, 39, 40 Gurwitz et al reported that sport activity was also protective in elderly subjects. 41 Even with our crude estimate of the intensity of sports, we showed an inverse association between sport activity and the prevalence of diabetes. In both genders, the prevalence of diabetes was signi®cantly lower for subjects who reported at least 30 min per day of sport activity. This substantially reduced the risk of diabetes (OR 0.61, P`0.007 in men; OR 0.62, P 0.01 in women) in physically active subjects and remained signi®cant after adjustment for age, BMI, WHR, cardiovascular disease and educational level. Independently of BMI and WHR, our ®nd-ings show that, after the sixties, sport activity is associated with a signi®cantly lower prevalence of diabetes.
Regarding the indexes of usual household activities, we found no difference in the prevalence of diabetes in women, whereas a negative effect on health was shown in men having heavy activities. Along this line, other publications have reported inconsistent associations between non- Physical activity, obesity and diabetes R Defay et al recreational physical activity (low, moderate or high) and body weight. 14, 42 In addition, usual household activities were neither speci®ed nor quanti®ed in our questionnaire, therefore the answers remained subjective and our results must be interpreted with caution.
Sport activity is a complex behaviour of many interrelated dimensions. Classi®ed categories of sport activity (type, degree, frequency and duration) are required to calculate the corresponding energy expenditure. 43 In our study, only the total sport time spent per week was recorded. This might explain why no bene®t was found between the most physically active subjects (who spent at least 2 h per day in sport activity) and those who had an intermediate duration (between 30 min and 2 h per day).
In both genders, subjects who declared no sport activity or the shortest duration (less than 30 minaday) are also those who had the lightest usual household activities (P`0.001), and most of these subjects were thus physically inactive. This group represents 22.1% of male subjects and 33% of females. It is characterised by a 1.4-fold increase in the prevalence of diabetes in each gender (27.2% in men and 13.7% in women).
It has been observed that only 30% of older people regularly participate in some type of physical exercise. 44 In NHANES III, only 2 ± 5% of persons over 60 y of age participated in some vigorous leisure time physical activity. 45 Few data are available in this age group, nevertheless regular vigorous exercise was found to induce a reduction in central body fat in older men and women. 46, 47 With old age, the less healthy individuals tend to be physically inactive and it is therefore dif®cult to establish the supposed bene®cial effect of physical activity. In particular, considering that diabetic patients are at high risk for cardiovascular disease and that sport activity is usually reduced in these patients, we adjusted the ®nal analysis for cardiovascular disease. We also adjusted for educational level, which is usually linked to a healthier lifestyle and therefore associated with a lower prevalence of diabetes.
Conclusion
In older people, overall obesity in men and abdominal fat accumulation in women are the characteristics most strongly related to diabetes. Our study showed an independent and inverse association between diabetes and time spent in sport activity. These results add support to the bene®ts of regular sport activities to older men and women.
Considering the high prevalence of diabetes in the elderly and because people over the age of 60 constitute a growing proportion of the population, further research concerning the effects of adequate physical training in older diabetic and non-diabetic subjects is needed.
